Although externally as well as internally-guided eye movements allow us to flexibly explore the visual environment, their differential neural mechanisms remain elusive. A better understanding of these neural mechanisms will help us to understand the control of action and to elucidate the nature of cognitive deficits in certain psychiatric populations (e.g. schizophrenia) that show increased latencies in volitional but not visually-guided saccades. Both the superior precentral sulcus (sPCS) and the intraparietal sulcus (IPS) are implicated in the control of eye movements. However, it remains unknown what differential contributions the two areas make to the programming of visually-guided and internally-guided saccades. In this study we tested the hypotheses that sPCS and IPS distinctly encode internally-guided saccades and visually-guided saccades. We scanned subjects with fMRI while they generated visually-guided and internally-guided delayed saccades. We used multi-voxel pattern analysis to test whether patterns of cue related, preparatory and saccade related activation could be used to predict the direction of the planned eye movement. Results indicate that patterns in the human sPCS predicted internally-guided saccades but not visually-guided saccades in all trial periods and patterns in the IPS predicted internally-guided saccades and visually-guided saccades equally well. The results support the hypothesis that the human sPCS and IPS make distinct contributions to the control of volitional eye movements.
Introduction
Experimental eye movement tasks have been used widely to investigate mechanisms of action control in primates. Importantly, eye movement tasks allow the useful comparison of top-down selfinitiated action with bottom up stimulus-driven behavior that has identical motor parameters (Reuter & Kathmann, 2004) . Stimulusdriven behavior is required in visually-guided saccade tasks where a visual signal (exogenous cue) is directly transformed into a motor signal with identical spatial coordinates (Munoz & Everling, 2004) . Saccade generation is therefore largely controlled by the visual stimulus. In contrast, simple internally-guided saccades require a gaze shift towards a location that is indicated by an arbitrary cue (e.g. a tone or central endogenous cue). Here, the gaze shift is based on the internal representation of a task rule (e.g. arrow or symbol indicates saccade direction). Since there are no other cognitive requirements, differences between simple internally-guided saccades and visually-guided saccades with identical motor demands can be attributed to differences in the demands on volitional control. Notably, psychiatric populations such as schizophrenia patients show longer latencies in simple internally-guided tasks, suggesting a circumscribed deficit in volitional saccade generation (Reuter & Kathmann, 2007) . Understanding the nature of the difference between visually-guided saccades and simple internallyguided saccades therefore seems highly relevant to understand basic mechanisms of volitional action control and key symptoms of common psychiatric disorders.
Studies comparing simple internally-guided saccades with visually-guided saccades are relatively rare. These studies found increased latencies in simple internally-guided saccades compared to visually-guided saccades (Mort et al., 2003; Reuter, Kaufmann, Bender, & Kathmann, 2010; Walker, Walker, Husain, & Kennard, 2000) . Using functional magnetic resonance imaging (fMRI) Mort et al. (2003) compared simple internally-guided saccades and visually-guided saccades and found relatively increased activation for internally-guided saccades in the intraparietal sulcus (IPS) and in the putative human homologue of the monkey frontal eye field (FEF), which is thought to reside in the superior precentral sulcus (sPCS) at its junction with the superior frontal sulcus (Mort et al., 2003) . However, other studies found the reversed pattern with higher activation in the sPCS and IPS for visually-guided saccades compared to internally-guided saccades (Schraa-Tam et al., 2009) 
